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,QWURGXFWLRQ
3UHVHUYDWLRQRIIUHVKQHVVDQGDURPDLQZKLWHZLQHVLVRQHRIWKHJRDOVWKHZLQHPDNHUVDUHWU\LQJWRDFKLHYHLQ
PRGHUQVW\OHZLQHV7RGHOD\WKHR[LGDWLRQRIVHQVLWLYHPROHFXOHVLQZLQHVYDULRXVDQWLR[LGDQWVDUHRIWHQXVHGZLWK
JRRGUHVXOWV-DFNVRQ$QWRFHVXFKDVWDQQLQVDVFRUELFDFLGDQGWKHXELTXLWRXVVXOSKXUGLR[LGH
$VFRUELF DFLG $$ LV RQH RI WKHPRVW FRPPRQ RI WKHVH DQWLR[LGDQWV EXW LV XVHG HVSHFLDOO\ LQ ZKLWH ZLQHV
LQWHQGHGWREHFRQVXPHG\RXQJGXHWRWKHIDFWWKDWGHSHQGLQJRQWKHGXUDWLRQRIVWRUDJHLWDFWVDVDQWLR[LGDQWRU
SURR[LGDQW3HQJet al.%HFDXVHDVFRUELFDFLGDORQHFDXVHVWKHSURGXFWLRQRIK\GURJHQSHUR[LGHLQZLQHLW
FDQQRWEHXVHGZLWKRXWDSURSHUDPRXQWRIVXOSKXUGLR[LGHWRSUHYHQWLWVR[LGDWLRQGX7RLW et al.+RZHYHU
WKHXVHRIDVFRUELFDFLGDQGVXOSKXUGLR[LGHFRPELQDWLRQVLQKLELWWKHR[LGDWLRQRISRO\SKHQROVLQZLQHV2OLYHLUDet 
al%DUULOet al.WKXVKDYLQJDQLQIOXHQFHRQWKHZLQHFRORXU
5HFHQWO\JOXWDWKLRQHWKHUHGXFHGIRUP*6+ZDVDOVRDSSURYHGE\WKH,QWHUQDWLRQDO2UJDQL]DWLRQRI9LQHDQG
:LQH2,9DVDPXVWDQGRUZLQHDGGLWLYH5HVROXWLRQV2,92(12DQG2,92(12ZKLFK
FDQEHDGGHGEHIRUHIHUPHQWDWLRQRUDWERWWOLQJWLPHDWDPD[LPXPGRVDJHRIPJOWRVXSSOHPHQWWKHQDWXUDOO\
RFFXUULQJ*6+RUWRFRPSHQVDWHIRUWKH*6+ORVWGXULQJZLQHPDNLQJUHVSHFWLYHO\$VDUHVXOWLWVXVDJHLQZLQH
WHFKQRORJ\ LVH[SHFWHG WR VSUHDG7KHVWXGLHV VR IDUVKRZHG WKDWJOXWDWKLRQHFDQEHXVHIXO LQDURPDSUHVHUYDWLRQ
5RXVVLVet al.5RXVVLVDQG6HUJLDQLWLV1LNRODQWRQDNLet al.:HEEHUet al.EXWWKHUHVXOWV
DUH QRW FRQVLVWHQW .ULW]LQJHU et al.  %DGHD DQG $QWRFH  EHLQJ GHSHQGHQW RQ WKH ZLQH PDWUL[ LWV
SRO\SKHQROLFFRQWHQWDQGWKHSUHVHQFHRIRWKHUDQWLR[LGDQWV
&RPELQDWLRQVRIJOXWDWKLRQHDQGDVFRUELFDFLGKDYHDOVREHHQWHVWHG6RQQLet al.EXWWKHFRPSOHPHQWDU\
DFWLYLW\ RI JOXWDWKLRQH ZLWK DVFRUELF DFLG DQG ZLWK RWKHU PRVW FRPPRQ ZLQH SUHVHUYDWLYHV QHHGV WR EH PRUH
LQYHVWLJDWHG
*OXWDWKLRQHWUHDWPHQWVDUHUHFRPPHQGHGPDLQO\WRLPSURYHWKHDURPDWLFFKDUDFWHULVWLFVRIZLQHVGX7RLWet al.
ZKLFK LV XQGHUVWDQGDEOH DV WKH DURPDWLF FRPSRXQGV DUH R[LGL]HG ILUVWZKLOH EURZQLQJ DSSHDUV RQO\ ODWHU
6LQJOHWRQ
$VDUHVXOWPDQ\RIWKHVWXGLHVIRFXVHGRQWKHDURPDSUHVHUYDWLRQRIWKHZLQHVWUHDWHGZLWKJOXWDWKLRQHEXWRQO\
IHZ KDYH WDNHQ LQWR DFFRXQW WKH FKDQJHV LQ FRORXU GXULQJ DJLQJ DIWHU VXFK WUHDWPHQWV (O +RVU\ et al., 
:HJPDQQ+HUUet al., &RPX]]Ret al., (YHQ WKRXJKWKHDGGLWLRQRIJOXWDWKLRQHDSSHDUHG WRKDYHDQ
LPSURYLQJHIIHFWRQWKHDURPDRIZLQH(O+RVU\et al., WKHFRORXURIZLQHZDVDIIHFWHGLQPDQ\FDVHVDQ
LQFUHDVHG FRORXU GXULQJ VWRUDJH EHLQJ REVHUYHG &RPX]]R et al.,  $V FRORXU KDV D KLJK LPSDFW RQ WKH
FRQVXPHU HYHQEHIRUH WKHZLQH LV VPHOOHGRU WDVWHG LW LV RI LPSRUWDQFH WREHWWHUXQGHUVWDQG WKH LPSDFWRI*6+
WUHDWPHQWVRQWKHHYROXWLRQRIZLQHFRORXU0RUHDWWHQWLRQVKRXOGEHSDLGDVZHOOWRWKHHIIHFWRIFRPELQDWLRQVRI
DVFRUELF DFLG DQG JOXWDWKLRQH DV PDQ\ FRPPHUFLDO SURGXFWV DYDLODEOH IRU DURPD SUHVHUYDWLRQ DQG EURZQLQJ
SUHYHQWLRQRIZLQHVFRQWDLQDPRQJRWKHUVERWKWKHVHVXEVWDQFHV7KHUHIRUHWKHLQWHUDFWLRQRIWKHVHPROHFXOHVDQG
WKHLUFXPXODWLYHHIIHFWVKRXOGDOVREHWDNHQLQWRDFFRXQWE\WKHZLQHPDNHU
0DWHULDOVDQGPHWKRGV
7KHVWXG\ZDVFDUULHGRXWRQZLQHVRI WKHYDULHW\0XVFDW2WWRQHOSURGXFHG LQ6HSWHPEHU LQ WKH'HDOX
0DUH UHJLRQRI5RPDQLD7KH WHFKQRORJLFDO VWHSV LQFOXGHG D VKRUWPDFHUDWLRQRQ VNLQV RI DERXW  KRXUVPDVK
SUHVVLQJZLWKFORVHGPHPEUDQHSUHVVFODULILFDWLRQE\VHGLPHQWDWLRQDW&IRUGD\LQ WKHSUHVHQFHRIJKO
SHFWRO\WLFHQ]\PHDQGDFLGLW\FRUUHFWLRQRIJOWDUWDULFDFLG7KHIHUPHQWDWLRQSURFHVVDWORZWHPSHUDWXUHH[WHQGHG
WRZHHNV
,QRUGHUWRSUHVHUYHWKHPXVFDWDURPDRIWKHZLQHVJOXWDWKLRQHDQGDVFRUELFDFLGZHUHDGGHGWR\RXQJILQLVKHG
ZLQHV MXVWEHIRUHERWWOLQJ LQ)HEUXDU\7KHZLQHSDUDPHWHUV DWERWWOLQJ WLPHEHIRUHDQ\DGGLWLRQZHUHDV
IROORZVIUHHVXOSKXUGLR[LGHPJOWRWDOVXOSKXUGLR[LGHPJODOFRKROYYWRWDODFLGLW\JOWDUWDULF
DFLGYRODWLOHDFLGLW\JODFHWLFDFLGJOXFRVHIUXFWRVHJOGU\H[WUDFWJO
7KH VDPSOHV ZHUH SUHSDUHG E\ ILOOLQJ  O ERWWOHV ZLWK WKH EDVH VXOSKLWHG ZLQH DQG DGGLQJ VROXWLRQV RI
JOXWDWKLRQHDQGRUDVFRUELFDFLGREWDLQHGIURP(QRORJLFD9DVRQ7KHGRVDJHRISUHVHUYDWLYHVXVHGIRUHDFKW\SHRI
VDPSOHLVLQFOXGHGLQ7DEOH
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7DEOH6DPSOHVDQGJURXSVRIZLQHVZLWKRUZLWKRXWDVFRUELFDFLGDQGRUJOXWDWKLRQHDGGLWLRQV
*URXS 6DPSOHWUHDWPHQWFRGH *OXWDWKLRQHPJO $VFRUELFDFLGPJO
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
)RUHDFKW\SHRIVDPSOHVL[ERWWOHVZHUHSUHSDUHGFRUNHGDQGVWRUHGDW&IRUODWHUDQDO\VLV7KHFRORXURIWKH
ERWWOHGZLQHVZDVHYDOXDWHGPRQWKVDIWHUWUHDWPHQWDQGERWWOLQJ
$Q899,6VSHFWURSKRWRPHWHU$QDO\WLN -HQD$*6SHFRUGHTXLSSHGZLWK&KURPDVRIWZDUH9HUZDV
XVHGIRUFRORXUDQDO\VLV7KH&,(LabSDUDPHWHUV PHWKRG2,90$$6ZHUHFDOFXODWHG IRUHDFKZLQHIURP
WKH WUDQVPLWWDQFH VSHFWUXP PHDVXUHG HYHU\  QP IURP  QP WR  QP LQ JODVV FXYHWWHV RI  PP RSWLFDO
WKLFNQHVV 6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ JURXSV RI VDPSOHV GHILQHG LQ 7DEOH  DV GSH ± VDPSOHV
ZLWK YDULDEOH JOXWDWKLRQH FRQFHQWUDWLRQV PJOAA ± VDPSOHVZLWK YDULDEOH DVFRUELF DFLG FRQFHQWUDWLRQV
PJOAA30GSH±VDPSOHVZLWKFRQVWDQWDVFRUELFDFLGRIPJODQGYDULDEOHJOXWDWKLRQHFRQFHQWUDWLRQV
 PJO DQG FRQWURO ZLQHV JURXSVControl 0 ± VDPSOHV ZLWK QR DGGLWLRQControl AA30 ± VDPSOHV ZLWK
PJODVFRUELFDFLGDGGHG
5HVXOWVDQGGLVFXVVLRQV
(DFK VDPSOH ZDV VSHFWURSKRWRPHWULFDOO\ DQDO\VHG DQG WKH DYHUDJHV RI FKURPDWLF FKDUDFWHULVWLFV REWDLQHG LQ
DFFRUGDQFHZLWKWKHPHWKRG&,(LabIRUWKUHHUHSHWLWLRQVDUHLQFOXGHGLQ7DEOHLQZKLFKL LVWKHOXPLQRVLW\&abLV
FKURPDWLFLW\ KDE LV KXH ZKLOH a DQG b UHSUHVHQW WKH FRORXU SRVLWLRQV LQ WKH JUHHQUHG DQG \HOORZEOXH VSDFH
UHVSHFWLYHO\
7DEOH&,(Lab FRORXUSDUDPHWHUVRIWKHZLQHJURXSVWUHDWHGZLWKRUZLWKRXWDVFRUELFDFLGDQGRUJOXWDWKLRQH
*URXS L a b &ab Kab
Control 0 D F D D D
Control AA30 E E D D E
GSH PHDQVIRU*6+*6+ D D D D D
AAPHDQVIRU$$$$ E E D D E
AA30-GSHPHDQVIRU$$*6+$$*6+ E E D D E
9DOXHVZHUHREWDLQHGIRUD'LOOXPLQDQWDQGDVWDQGDUGREVHUYHUDQJOH$129$DQDO\VLVZDVSHUIRUPHGIRUWKHFRQILGHQFHOHYHO

$V WKHZLQHVDPSOHVZHUHSUHSDUHGIURPWKHVDPHEDVHZLQHHYHQDIWHU WUHDWPHQW WKHLUFROORLGDOFRQWHQWZDV
TXLWHVLPLODU7KHUHIRUHLWLVQRWVXUSULVLQJWKDWWKHOXPLQRVLW\LRIDOOWKHJURXSVDPSOHVLVTXLWHVLPLODUWRR(YHQ
VRZHKDYHVWLOOIRXQGWKDWWKHJURXSVZLWKDGGHGDVFRUELFDFLGZLWKRUZLWKRXW*6+AADQGAA30GSHKDGPHDQ
YDOXHVIRUFODULW\VLJQLILFDQWO\GLIIHUHQWp  IURPWKHPHDQVRIWKHJURXS*6+WUHDWHGRQO\ZLWKJOXWDWKLRQH
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DQGIURPWKHPHDQVRIWKH&RQWUROZLQHV$129$WHVWLQJSURYHGDVLPLODUEHKDYLRXURIWKHPHDQVRISDUDPHWHU
KabKXHDQGSDUDPHWHUaWKHSRVLWLRQRIWKHFRORXURQWKHJUHHQUHGD[LVVKRZLQJWKDWWKHVDPSOHVZLWKDVFRUELF
DFLG KDYH OHVV UHG FRPSRQHQW LQ WKHLU FRORXU LUUHVSHFWLYH RI WKH SUHVHQFH RU QRW RI JOXWDWKLRQH AA30GSH
a  h AA a  h  ZKLOH WKH VDPSOHV WUHDWHG RQO\ ZLWK JOXWDWKLRQH
KDYHDVOLJKWVKLIWWRZDUGPRUHUHGFRORXUGSH a h 
7KHFRORXUFRPSRQHQWVa DQGb VKRZHGDGLIIHUHQWEHKDYLRXUDV UHJDUGV WKHJURXS VDPSOHVSUHSDUHGZLWK WKH
WHVWHGDQWLR[LGDQWV$W WKHFRQILGHQFH OHYHO WKHSRSXODWLRQPHDQVRI UHGJUHHQFRPSRQHQW SDUDPHWHUa IRU
VRPH RI WKH ZLQH JURXSV ZHUH VLJQLILFDQWO\ GLIIHUHQW )  ZKLOH WKH SRSXODWLRQ PHDQV RI \HOORZEOXH
FRPSRQHQWSDUDPHWHUbZHUHQRWVLJQLILFDQWO\GLIIHUHQW) IRUDQ\RIWKHVDPSOHJURXSVDVLWFDQEHVHHQLQ
)LJDDQGE


)LJ7KHPHDQVRISDUDPHWHUVaDQGbIRUWKHJURXSRI0XVFDWZLQHVWUHDWHGRUQRWZLWKDVFRUELFDFLGDQGJOXWDWKLRQH
)RUWKHJURXSVZLWKYDULRXVWUHDWPHQWVWKHPHDQVFRPSDULVRQXVLQJ7XNH\7HVWDOORZHGXVWRGHWHUPLQHZKLFK
JURXSVGLIIHUHGVLJQLILFDQWO\WKXVFRQILUPLQJWKDWVDPSOHVZLWKDVFRUELFDFLGGLIIHUHGIURPDOOWKHRWKHUJURXSVLQ
ZKLFKDVFRUELFDFLGZDVQRWSUHVHQW)LJ
7KHUHVWRIWKH&,(LabSDUDPHWHUVFKURPDCabDQGSDUDPHWHUbSRVLWLRQRQWKHEOXH\HOORZD[LVLUUHVSHFWLYH
RI WKHWUHDWPHQWUHFHLYHGE\WKHVDPSOHJURXSUHPDLQHGUHODWLYHO\LQ WKHVDPHLQWHUYDOQRVLJQLILFDQWGLIIHUHQFHV
EHLQJ REVHUYHG DW  FRQILGHQFH OHYHO 7KH SORW RI SDUDPHWHUa SDUDPHWHUb DQGL YDOXHV )LJ  VKRZV WKH
SRVLWLRQRIHDFKVDPSOHRI0XVFDW2WWRQHOLQWKHFKURPDWLFVSDFH3DUDPHWHUaGHVFULEHVWKHUHODWLYHSRVLWLRQRIWKH
FRORXUEHWZHHQJUHHQQHJDWLYHYDOXHVDQGUHGSRVLWLYHYDOXHVSDUDPHWHUbGHVFULEHVWKHUHODWLYHSRVLWLRQRIWKH
FRORXU EHWZHHQ EOXH QHJDWLYH YDOXHV DQG \HOORZ SRVLWLYH YDOXHV ZKLOH L WKH FODULW\ LV OLQNHG ZLWK WKH
WUDQVSDUHQF\RIWKHVDPSOH7KHDQDO\VHGZLQHVEHLQJZKLWHZLQHVDUHH[SHFWHGWRSRVLWLRQDOOLQWKHJUHHQ\HOORZ
UHJLRQRIWKHFKURPDWLFVSDFHEXWDFWXDOO\RQO\WKHVDPSOHVWUHDWHGZLWKDVFRUELFDFLGGRVR)LJ7KHVDPSOHV
QRWWUHDWHGZLWKDVFRUELFDFLGControl0DQGWKRVHWUHDWHGRQO\ZLWK*6+DUHVOLJKWO\VKLIWHGWRZDUGUHGKDYLQJ
YHU\VPDOOSRVLWLYHYDOXHVRQWKHD[LVaWKHLUFRORXUWKXVGLVSOD\LQJVKDGHVRIRUDQJHEURZQ7KLVIDFWFRQILUPVWKDW
DOOWKHVDPSOHVWUHDWHGZLWKDVFRUELFDFLGLUUHVSHFWLYHRIWKHGRVDJHPJODUHOHVVR[LGL]HGWKDQWKHControl
0VDPSOHDQGWKHVDPSOHVWUHDWHGZLWK*6+LUUHVSHFWLYHRIWKHGRVDJHPJO7KLVILQGLQJVXJJHVWVWKDWLQ
WKHSUHVHQFHRILQLWLDOPJOIUHH62DVFRUELFDFLGHQVXUHVDEHWWHUSURWHFWLRQWKDQJOXWDWKLRQHDWOHDVWDVUHJDUGV
WKHSRO\SKHQROVR[LGDWLRQ
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
)LJ&RPSDULVRQRIPHDQVIRUSDUDPHWHUaIRUWKHJURXSVRI0XVFDW2WWRQHOZLQHV
WUHDWHGRUQRWZLWKDVFRUELFDFLGDQGJOXWDWKLRQH

)LJ3RVLWLRQLQWKHFKURPDWLFVSDFHRIWKH0XVFDW2WWRQHOVDPSOHVWUHDWHGRUQRWZLWKDVFRUELFDFLGDQGJOXWDWKLRQH
)XUWKHUZHKDYHLQYHVWLJDWHGWKHLQIOXHQFHRQWKH&,(LabFRORXUSDUDPHWHUVRIWKHERWWOHGZLQHVRIWKHGRVDJHV
RIDQWLR[LGDQWVXVHGLQFRPELQDWLRQIRUWKHZLQHSUHVHUYDWLRQ
:HKDYHWKXVREVHUYHGWKDWSDUDPHWHUVa)LJDDQGh)LJEDUHPRUHLQIOXHQFHGE\DVFRUELFDFLGDQGOHVV
E\ WKHJOXWDWKLRQH%RWKSDUDPHWHUV DUH FRUUHODWHGZLWK WKH OHYHO RIZLQHR[LGDWLRQ± WKHKLJKHU WKHLU YDOXHV WKH
KLJKHU WKH GHJUHH RI R[LGDWLRQ$V LW LV HYLGHQW IURP )LJ D DQG )LJ E WKH YDOXHV RI SDUDPHWHUV a DQGh DUH
GHFUHDVLQJVKDUSO\ZKHQWKHGRVDJHRIDVFRUELFDFLGLQFUHDVHVWKHUHIRUHLWLVVDIHWRVD\WKDWWKHPRUHDVFRUELFDFLG
ZHKDYHWKHOHVVR[LGDWLRQKDSSHQV7KHEHKDYLRXULQWKHSUHVHQFHRIJOXWDWKLRQHKRZHYHUGHSHQGVRQWKHGRVDJH
RIDVFRUELFDFLGSUHVHQW7KXVDWORZHUFRQFHQWUDWLRQVRIDVFRUELFDFLGPJOWKHDGGLWLRQRIDQ\FRQFHQWUDWLRQ
RIJOXWDWKLRQH LQ WKH UDQJHRIPJOKDVQRYLVLEOH LQIOXHQFHRQ WKHYDOXHVRISDUDPHWHUVaDQGhZKLOHDW
KLJKHU FRQFHQWUDWLRQV RI DVFRUELF DFLG PJO WKHVH SDUDPHWHUV DQG WKH GHJUHH RI R[LGDWLRQ GHFUHDVHG LQ
GLUHFWFRUUHODWLRQZLWKWKHJOXWDWKLRQHFRQFHQWUDWLRQWKHVKDUSHVWGHFUHDVHEHLQJDWPJODVFRUELFDFLGPD[LPXP
FRQFHQWUDWLRQWHVWHG$ERYHPJODVFRUELFDFLGWKHDGGLWLRQRILQFUHDVLQJFRQFHQWUDWLRQVRIJOXWDWKLRQHOHDGWRD
V\QHUJLFGHFUHDVHRIWKHR[LGDWLRQVWDWHRIWKHWUHDWHGVDPSOH7KLVEHKDYLRXUUHPDLQLQJWREHFRQILUPHGIRURWKHU
ZLQHV VXJJHVWV WKDW DEHWWHUSURWHFWLRQ DJDLQVW R[LGDWLRQ LV REWDLQHGZKHQJOXWDWKLRQH LV XVHG LQ WKHSUHVHQFHRI
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S
0HDQ'LIIQRQVLJQLILFDQWGLIIHUHQFH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
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KLJKHUFRQFHQWUDWLRQVRIDVFRUELFDFLGEXWLWDOVRVXJJHVWVWKDWLQRUGHUWROLPLWWKHEURZQLQJDKLJKHUGRVHWKDQWKH
DSSURYHGPJORIJOXWDWKLRQHPD\QHHGWREHDSSOLHG(YHQEDFNLQ6LQJOHWRQDQGKLVFRZRUNHUVVKRZHG
WKDWWKHDQWLR[LGDQWSURWHFWLRQRIPXVWVLVHQVXUHGRQO\ZKHQKLJKFRQFHQWUDWLRQVRIIUHHJOXWDWKLRQHDUHSUHVHQW)RU
WKLV UHDVRQ WKH JOXWDWKLRQH FRQFHQWUDWLRQV PD\ QHHG WR EH VXSSOHPHQWHG ZKHQ WKH QDWXUDO FRQFHQWUDWLRQ LV QRW
VXIILFLHQWZKLFKLQWXUQPD\UHTXLUHLQFHUWDLQFDVHVDUDLVHDERYHWKHOLPLWDOORZHGE\2,9


D       E
)LJ9DULDWLRQRI&,(LabSDUDPHWHUaDQGhIRU0XVFDW2WWRQHOVDPSOHV
WUHDWHGZLWKFRPELQDWLRQVRIDVFRUELFDFLGDQGJOXWDWKLRQH
$V IRUSDUDPHWHUb )LJD DQ LQFUHDVHRI VRPHYDOXHV LQVLGH WKHSRVLWLYH UDQJH IURP WKHPLQLPXP WRD
PD[LPXPPHDQVWKDWWKRVHVDPSOHVZLWKKLJKHUYDOXHVGLVSOD\DVOLJKWVKLIWWRZDUGDPRUH\HOORZFRQWHQWRIWKH
FRORXU :H KDYH VHHQ HDUOLHU ZKHQ ZH FRPSDUHG JURXSV RI VDPSOHV FRQWDLQLQJ RQH W\SH RI DQWLR[LGDQW RU D
FRPELQDWLRQRIERWKDQWLR[LGDQWVDQGQRWWKHGRVDJHDGGHGWRHDFKVDPSOHWKDW$129$DQDO\VLVDQGWKH7XNH\WHVW
VKRZHGQR VLJQLILFDQW GLIIHUHQFH IRU WKH JURXSV¶PHDQ YDOXHV+RZHYHUZKHQ WKH GRVDJHRI HDFK DQWLR[LGDQW LV
FRQVLGHUHGDQGSDUDPHWHUbLVSORWWHGDJDLQVWERWKDVFRUELFDFLGDQGJOXWDWKLRQHFRQFHQWUDWLRQV)LJDZHFDQVHH
WKDWDWKLJKHUFRQFHQWUDWLRQVRIERWKDQWLR[LGDQWVDV\QHUJLVWLFHIIHFWLVDOVRSUHVHQW:KLOHDWORZHUFRQFHQWUDWLRQV
JOXWDWKLRQHDQGDVFRUELFDFLGDORQHRULQFRPELQDWLRQVKDYHQRLQIOXHQFHRQWKH\HOORZFRPSRQHQWRIWKHFRORXUDW
KLJKHUFRQFHQWUDWLRQVDQGLQFRPELQDWLRQWKHVHWZRDQWLR[LGDQWVGLVSOD\DV\QHUJLVWLFDFWLRQOHDGLQJWRDQLQFUHDVH
RIWKH\HOORZFRPSRQHQWRIWKHFRORXU7KLVVOLJKWLQFUHDVHRIWKH\HOORZFRPSRQHQWDIWHUPRQWKVIURPERWWOLQJLV
VRPHKRZLQFRQWUDGLFWLRQZLWKWKHREVHUYDWLRQWKDWWKHYDOXHRIWKHSDUDPHWHUaLQWKHVDPHFRQGLWLRQVGHFUHDVHV
7KHGHFUHDVHLQWKHUHGFRPSRQHQWRIWKHFRORXUSDUDPHWHUaPHDQVOHVVRYHUDOOSRO\SKHQROR[LGDWLRQEURZQLQJ
ZKLOH DQ LQFUHDVH LQ WKH \HOORZ FRPSRQHQW RI WKH FRORXU SDUDPHWHUbPD\ EH FRUUHODWHGZLWK D FHUWDLQ W\SH RI
R[LGDWLRQZKLFKPD\OHDGWRWKHIRUPDWLRQRI\HOORZ[DQWK\OLXPFDWLRQSLJPHQWV
,QSUHYLRXVVWXGLHVLWZDVGHPRQVWUDWHGWKDWJOXWDWKLRQHDOZD\VLQWKHSUHVHQFHRIVPDOOTXDQWLWLHVRI62LVDEOHWR
GHOD\QRWRQO\WKHEURZQLQJUHDFWLRQVLQZLQHVEXWDOVRWKHIRUPDWLRQRI\HOORZFRORUHG[DQWK\OLXPFDWLRQSLJPHQWV
5RXVVLVet al.6RQQLet al.+RZHYHU*HRUJHet alIRXQGWKDWLQWKHSUHVHQFHRILURQDQGFRSSHU
WKHR[LGDWLRQRIWDUWDULFDFLGFDQOHDGWRJO\R[\OLFDFLGZKLFKFDQELQGZLWKWZRPROHFXOHVRIFDWHFKLQDQGWKHQIRUP
\HOORZ[DQWK\OLXPFDWLRQV$VLPLODUUHVXOWZDVUHSRUWHGLQE\:HJPDQQ+HUUDQGFRZRUNHUVZKRVKRZHGWKDW
ERWKVXOSKXUGLR[LGHDQGDVFRUELFDFLGFRXOGUHGXFHR[LGDWLYHFRORXUFKDQJHVDQG[DQWK\OLXPFDWLRQIRUPDWLRQZKLOH
WKHDGGLWLRQRIJOXWDWKLRQHOHGWRDVLJQLILFDQWLQFUHDVHLQ[DQWK\OLXPSLJPHQWIRUPDWLRQ<HOORZSLJPHQWVPD\DOVREH
IRUPHGIURPFDWHFKLQDQGGLK\GUR[\IXPDULFDFLG&ODUN%RX]DQTXHWet al., 
2XU UHVXOWV LQGLFDWH WKDW D SRVVLEOH IRUPDWLRQ RI \HOORZ SLJPHQWV LV LQFUHDVHG E\ KLJK FRQFHQWUDWLRQV RI
JOXWDWKLRQHHVSHFLDOO\LQWKHSUHVHQFHRIKLJKFRQFHQWUDWLRQVRIDVFRUELFDFLG
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$OWKRXJKJOXWDWKLRQHFDQEORFNWKHIRUPDWLRQRIorthoTXLQRQHVZKLFKFRQIHUEURZQLVKFRORXUWRWKHZLQHVE\
UHGXFLQJ WKHP WR FRORXUOHVV SKHQROLF FRPSRXQGV LWPD\ DOVR IDYRXU FDWHFKLQ UHDFWLRQV DQG IRUPDWLRQ RI \HOORZ
SLJPHQWV
7KHVDWXUDWLRQRIWKHFRORXUFKURPD&abGLVSOD\VDEHKDYLRXUVLPLODUWRWKDWRISDUDPHWHUbLQWKHSUHVHQFHRI
ERWK DQWLR[LGDQWV DW KLJKHU FRQFHQWUDWLRQV )LJ E+HUH WRRZHREVHUYH D V\QHUJLVWLF DFWLRQRIJOXWDWKLRQH DQG
DVFRUELFDFLGZKHQSUHVHQWLQFRQFHQWUDWLRQVDERYHPJO


D       E
)LJ9DULDWLRQRI&,(LabSDUDPHWHUbDQGFKURPD&abIRU0XVFDW2WWRQHOVDPSOHV
WUHDWHGZLWKFRPELQDWLRQVRIDVFRUELFDFLGDQGJOXWDWKLRQH
7RRXUNQRZOHGJHWKLVW\SHRIV\QHUJLVWLFHIIHFWKDVQRWEHHQREVHUYHGLQRWKHUZLQHVSUHVHUYHGZLWKWKHVDPH
DQWLR[LGDQWV0RUHRYHU1LNRODQWRQDNLDQGFRZRUNHUVVKRZHGLQWKDWIRUFHUWDLQUHDFWLRQVRFFXUULQJLQZLQH
DOO WKH SUHVHUYDWLYHV WKH\ WHVWHG VXOSKXU GLR[LGH JOXWDWKLRQH DVFRUELF DFLG WDQQLQ SKORURJOXFLQRO ZHUH YHU\
SURWHFWLYHDJDLQVWVXOIDQ\OKH[DQROORVVWRTXLQRQHEXWRQO\VKRZHGDGGLWLYHDQWLR[LGDQWHIIHFWV
6DXFLHU DQG :DWHUKRXVH  DOVR REVHUYHG D VLPSOH DGGLWLYH HIIHFW RI YDULRXV DQWLR[LGDQWV EXW IRXQG D
V\QHUJLVWLFHIIHFWDVUHJDUGVWKHFDWHFKLQ62PL[WXUH
0RUH UHVHDUFK LV QHHGHG WR FRQILUP RU GLVPLVV WKH REVHUYDWLRQ RI V\QHUJLVWLF HIIHFWV RI DVFRUELF DFLG DQG
JOXWDWKLRQHLQZLQH,WLVDOVRQHFHVVDU\WRWDNHLQWRDFFRXQWYDULRXVFRQFHQWUDWLRQVRIVXOSKXUGLR[LGHWKHHIIHFWRI
R[\JHQDWERWWOLQJDQGWKHFRQFHQWUDWLRQRISRO\SKHQROVRIWKHWHVWHGZLQHV
&RQFOXVLRQV
7KHHIIHFWRIDVFRUELFDFLGDQGJOXWDWKLRQHRQWKHFRORURIERWWOHGZLQHVZDVHYDOXDWHGDIWHUPRQWKVRIVWRUDJH
RQDZKLWHZLQHRI0XVFDW2WWRQHOYDULHW\SURWHFWHGZLWKDQXVXDOGRVDJHRIVXOIXUGLR[LGHPJOIUHH62DWS+
$OWKRXJK WKLV OHYHO RI VXOIXU GLR[LGH QRUPDOO\ SUHYHQWV R[LGDWLRQ LQZLQHV LQ WKLV FDVH LQ WKH DEVHQFH RI
DVFRUELFDFLGLW WXUQHGRXW WKDW LWZDVQRWHQRXJKWRHQVXUHSURWHFWLRQDIWHUPRQWKVRIERWWOHVWRUDJHQHLWKHU LQ
ZLQHVWUHDWHGRQO\ZLWK62QRULQZLQHVLQZKLFKJOXWDWKLRQHZDVDOVRDGGHG
7KHVDPSOHVLQFOXGHGLQWKHJURXSVRIZLQHVQRWWUHDWHGZLWKDQ\GRVHRIDVFRUELFDFLGVKRZHGKLJKHUVLJQLILFDQW
YDOXHV RI WKH &,(Lab SDUDPHWHU a WKLV VKLIW WR PRUH UHG FRPSRQHQW RI WKH FRORXU FOHDUO\ GHPRQVWUDWLQJ WKH
RFFXUUHQFHRISRO\SKHQROR[LGDWLRQEURZQLQJ
7KHVKLIWWRPRUHUHGFRPSRQHQWRIWKHFRORXUYLVLEOHLQWKHVDPSOHVWUHDWHGZLWKJOXWDWKLRQHZDVDWWHQXDWHGE\
WKH SUHVHQFH RI DVFRUELF DFLG )XUWKHUPRUH DW KLJKHU FRQFHQWUDWLRQV RI ERWK DVFRUELF DFLG DQG JOXWDWKLRQH D
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V\QHUJLVWLF GHFUHDVH LQ WKH YDOXH RI SDUDPHWHU a ZDV REVHUYHG ZLQH EHLQJ EHVW SURWHFWHG DJDLQVW WKLV W\SH RI
R[LGDWLRQZKHQERWKDQWLR[LGDQWVZHUHXVHGLQGRVDJHVDERYHPJO
$ VLPLODU EHKDYLRUZDV REVHUYHG IRU WKHZLQH KXHZKLFK GHFUHDVHG VKDUSO\ DW KLJKHU FRQFHQWUDWLRQV RI ERWK
DVFRUELFDFLGDQGJOXWDWKLRQH
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